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Description 

[0001] The present invention relates to a catalyst for purifying exhaust gas and manufacturing method thereof. 
[0002] Conventional three-way catalysts are not always sufficient to lower a level of NOx in the exhaust and thereby 
s to purify the exhaust gas because of high oxygen concentration of the exhaust gas while an engine operates at lean- 
bum conditions. 

[0003] Japanese Unexamined Patent Publication No. 9 - 38493 discloses a catalyst effective to purify NOx in a high 
oxygen concentration exhaust gas which comprises a catalytic noble metal and a NOx absorbent carried in order on 
a support material of a composite oxide made of alumina combined with lanthanum (La) and/or cobalt (Co). It is said 
10 in the publication that while, at high temperatures, alumina reacts with the NOx absorbent to cause a reduction in its 
own specific surface area and clogging of its pores, and further to cause sintering of the catalytic noble metal, the 
composite oxide is prevented from thermal deterioration. 

[0004] In a manufacturing method of the catalyst, after forming a layer of cobalt alumina complex oxide by impreg- 
nating cobalt (Co) into an alumina layer carried on a support and then drying and calcining it, the cobalt-alumina complex 
15 oxide layer is impregnated with platinum (R) and dried, and is subsequently impregnated with rhodium (Rh), then dried 
and calcined. Finally, the catalyst is completed by impregnating barium (Ba) into the cobalt-alumina composite oxide 
layer then drying and calcining it. In the catalyst made by the above method, platinum (Pt) and rhodium (Rh) carried 
on a single particle of cobalt-alumina composite oxide stay close to or overlap each other. 

[0005] The catalyst in which two different kinds of noble metal particles are carried on a single particle of support 
20 material tends to make an alloy thereof when it is exposed to a high temperature gas, which leads to aggravation of 
catalytic performance. 

[0006] The US-A-4 727 052 teaches a method of making a catalyst composition comprising an activated alumina 
coating stabilized against thermal degradation includes applying a coating of alumina having one or more platinum 
group metal catalytic components dispersed thereon onto a carrier substrate and calcining the coating. A slurry of a 
25 mixture of Rh carrying alumina and Pt carrying ceria is prepared and coated on a substrate, and the slurry is adjusted 
so as to have a Rh content made less than a Pt content. 

[0007] In the EP-A-0 507 590, an exhaust gas purifying catalyst is disclosed for simultaneous removal of carbon 
monoxide, hydrocarbons and nitrogen oxides from an exhaust gas from an internal-combustion engine. The catalyst 
carries, on a monolithic carrier, a mixture comprising a catalytically active component comprising palladium, an alkaine 
30 earth metal oxide cerium oxide, zirconium oxide and an activated alumina. As seen from example 7, there is a slurry 
of a mixture of a powder of CeOi-ZrOi, titanium oxide, alumina, silica, paradium and barium. 

[0008] The US-A-5 490 977 discloses a catalyst composition suitable for three-way conversion of internal combustion 
engine, e.g. automobile gasoline engine, exhaust gases which includes a catalytic material disposed in on a carrier. 
The catalytic material contains a co-formed (e. g.. r co-precipitated) rare earth oxide-zirconia support on which a first 
35 rhodium catalytic component is dispersed, and an alumina support having a platinum catalytic component dispersed 
thereon. In this catalyst, rear earth metals carry a noble metal. 

[0009] The EP-A-0 822 005 discloses a catalyst purifying exhaust gases, which comprises (a) iridium, (b) at least 
one element selected from the group consisting of alkali metals and alkaline earth metals, and (c) at least one element 
selected from the group consisting of elements of the Group 1MB in the Periodic Table, elements of the Group IVA in 
*o the Periodic Table (except carbon element), and iron family elements, as carried by an oxide of at least one element 
selected from titanium family elements. Example 1 of this reference teaches to impregnate a powder of titanium oxide 
with a mixture of a solution containing of Ir, K or Ba, and Nd. 

[0010] The DE 197 42 705 A discloses a catalyst comprising a base catalyst layer comprising Pt and B carried by 
AI02 and an upper catalyst layer containing Pt and Rh earned by Zeolith. The Pt and the Rh in the upper catalyst layer 

45 activate NOx and HC, and the Ba in the base catalyst layer disperse the Pt. The catalyst comprises an inner layer 
having Pt and Ba carried on alumina and ceria and an outer layer having Pt and Rh earned on zeolite. 
[001 1] The EP-A-0 485 1 80 discloses a catalyst composition for purification of exhaust gas, comprises (a) high-silica 
zeolite having a Si/AI ratio of 40 or more which has been subjected to ion exchange with at least one metal selected 
from Pt, Pd, Rh, Ir and Ru, and (b) a heat-resistant oxide containing at least one metal selected from Pt, Pd, Rh, Ir and 

50 Ru. The catalyst composition is supported on a monolith carrier as a single layer or with the two components (a) and 
(b) as separate layers. The catalyst comprises a mixture of noble metal carrying zeolite with alumina that carries Pt 
and Rh and contains an alkali earth metal, and TiOa, ZrOa, or a composite oxide of them. 

[0012] The US-A-5 677 258 discloses an exhaust gas emission control catalyst which includes an under catalyst 
layer containing at least one of barium and lanthanum and an over catalyst layer containing an agent for absorbing 
55 water in a gas, at least one of the under catalyst layer and over catalyst layer containing catalytic metal. The catalyst 
comprises an inner layer of alumina carrying Ba and Pt and an outer layer of zeolite (crystal metal silicate). 
[0013] It is an object of the invention to provide an improved catalyst having a NOx absorbent capable of absorbing 
NOx in an exhaust gas while the exhaust gas has high oxygen concentration and desorbing NOx into an exhaust gas 
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while the exhaust gas has low oxygen concentration. 

[0014] Another object of the invention is to provide an improved catalyst containing different kinds of catalytic noble 
metals for catalyzing reduction of NOx which provides an increased thermal stability of each catalytic noble metal to 
keep the capability of catalyzing reduction of NOx. 

[0015] Another object of the invention is to provide a manufacturing method of the improved catalyst. 
[0016] The foregoing objects of the invention is accomplished by a method of manufacturing an exhaust gas purifying 
catalyst and an exhaust gas catalyst for purifying an exhaust gas according to the independent method and apparatus 
claims. Advantageous embodiments of the invention are defined in the sub-claims. 

[0017] Specifically, the catalyst manufacturing method comprising the steps of forming a powdered first catalyst 
having the first noble metal carried on a support material but not containing the second noble metal, forming a powdered 
second catalyst having the second noble metal carried on a support material but not containing the first noble metal 
mixing the powdered first catalyst with the powdered second catalyst to produce a mixture, and impregnating a solution 
of NOx absorbent into the mixture to carry the NOx absorbent on the support materials. 

[0018] The catalyst manufactured by the above method has the first noble metal and the second noble metal on 
separate support materials, either same or different kinds, which prevents the two noble metals from forming an alloy 
when the catalyst is exposed to high temperatures. Thus each noble metal cooperates with the NOx absorbent to 
catalyze reduction of NOx, thereby purifying the exhaust gas. Furthermore, even when these noble metals cooperate 
with each other to function as a catalyst, they exhibit sufficiently their own functions. Furthermore, it is a matter of 
importance of the method in which NOx absorbent is not separately supported by the catalytic materials but impregnated 
in the mixture that the NOx adsorbent is partly supported by the support materials such that a particle of the NOx 
absorbent is jointly supported by both of a particle of the support material bearing the first noble metal and a particle 
of the support material bearing the second noble metal, and by both first and second noble metal particles as well 
Accordingly, each of the first and second noble metals on a same NOx absorbent particle cooperates with the NOx 
absorbent particle to help the catalyst to lower the level of NOx in the exhaust gas with an effect of causing the catalyst 
to easily increase its NOx purification efficiency. In particular, in the case where the first and second noble metals play 
different NOx purifying actions, both first and second noble metal particles achieve their roles on a same NOx absorbent 
particle, which is advantageous to NOx purification through the mediation of NOx absorbent. Further, the second noble 
metal makes up a reduction in NOx purification efficiency due to sintering of the first noble metal. 
[0019] An exhaust gas purifying catalyst is obtained by coating the catalyst on a substrate to form a catalyst layer 
there on. The catalyst layer has a mixture of the support material bearing the first noble metal and the NOx absorbent 
but not containing the second noble metal and the support material bearing the second noble metal and the NOx 
absorbent but not containing the first noble metal. In the mixture, a part of the NOx absorbent is jointly supported by 
both support matenals bearing the first and second noble metals, respectively. As the support material for the first 
noble metal and/or the second noble metal, aluminum oxide (Al 2 0 3 ), ceria (Ce0 2 ) or at least one of oxides of manga- 
nese (Mn). cobalt (Co), titanium (Ti) and iron (Fe) may be used. The first and second noble metals are carried separately 
on support materials which may be either of the same kind or of different kinds. The exhaust gas purifying catalyst 
keeps high NOx purification efficiency even after it has been exposed to a high temperature exhaust gas 
[0020] Carrying the first and second noble metals on different kinds of support materials separately provides improved 
catalytic performance. Generally, it can be said that the thermal resistance of a catalyst depends on the thermal stability 
of support matenal of the catalyst and that the support material having high thermal stability usually has small specific 
surface area. It also can be said that, in the case of using two different kinds of noble metals, the amount of one noble 
metal can often be smaller than that of the other. In this case, a reduction in catalytic performance of the catalyst due 
to thermal deterioration is prevented by bearing the first noble metal on the first support material with a greater specific 
surface area whose first noble metal content per unit mass of the support material may be high and bearing the second 
noble metal on the second support material with a smaller specific surface but with a high thermal stability whose noble 
metal content may be low. This is because the required amount of the second noble metal is kept even if the first noble 
metal on the first support material is partly lost or buried in the first support material due to sintering of the first support 
material. Bearing the second noble metal which may be small in amount on a support material having a large specific 
area but a low thermal resistance together with the first noble metal prevents significant aggravation of catalytic per- 
formance due to a reduction in the amount of the second noble metal caused through sintering of the support material 
[0021] It was found by the inventor of this invention, for example, that Pt had high NOx purification efficiency at high 
oxygen concentration of the exhaust gas and showed a tendency to lower its Nox purification efficiency at low oxygen 
concentration of the exhaust gas and that using a small amount of Rh together with Pt was effective on restraining 
lowering the NOx purification efficiency. From the fact, it was concluded that an improved catalyst could be obtained 
by bearing Pt as the first noble metal on the first support material having a large specific surface area and Rh as the 
second noble metal which may be small in amount on the second support material with a small specific surface area 
but with high thermal stability, in the catalyst, when the oxygen concentration of the exhaust gas is high which indicates 
that the fuel mixture is lean, NO in the exhaust gas is oxidized to N0 2 by means of Pt to become easily adsorbed to 
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the NOx adsorbent. When the oxygen concentration of the exhaust gas is lowered or, in other words, when a stoichi- 
ometric air-to-fuel ratio or an air-fuel ratio smaller than the stoichiometric air-to-fuel ratio is provided, Pt and Rh catalyzes 
reduction of NOx desorbed from the NOx absorbent. In this catalyzing mechanism, it is considered that Pt has NOx 
purification efficiency for low oxygen concentration of the exhaust gas higher than Rh. Accordingly, in the catalyst which 
contains a NOx absorbent particle jointly supported by both Pr bearing support material particle and Rh bearing support 
material particle, when the NOx oxidized by Pt and adsorbed by the NOx adsorbent while the oxygen concentration 
of the exhaust gas is high is desorbed, the NOx is reduced and purified mainly by Rh with high efficiency. 
[0022] Either Al 2 0 3 or Ce0 2 , alone or in combination, may be used for the first support material. On the other hand, 
at least one kind of metal oxide selected from the group including oxides of Mn, Co, Ti and Fe is suitably used as the 
second support material. Mn and Co among them have higher performance for NOx purification than the remaining 
ones. As for Al 2 0 3 , -y-alumina is recommended. Ce0 2 capable of absorbing oxygen <0 2 storage effect) is helpful to 
make the catalyst function as a three-way catalyst so as to purify hydrocarbons (HC) and carbon monoxide (CO) as 
well as NOx while the engine is operated with around a stoichiometric air-to-fuel ratio (X =1). Oxides of a metal such 
as Mn is helpful not only to prevent the first support material from sintering by means of its high thermal stability but 
also to increase the NOx absorption capability of NOx absorbent by means of its function of converting NO in the 
exhaust gas into N0 2 . 

[0023] In the step of impregnating the mixture with a solution of NOx absorbent, it is preferred to impregnate the 
mixture with a solution of the first noble metal as well to bear the first noble metal additionally on the support material. 
That is, the first noble metal is partly supported through impregnation on the support material with the remaining part 
of the first noble metal pre-supported thereon. This provides an increase in thermal resistance of the catalyst and 
improves its NOx purification efficiency while the catalyst is still fresh or when the air-to-fuel ratio is stoichiometric. The 
increase in thermal resistance is provided by improved dispersion of the first noble metal partly pre-supported by the 
support material with an effect of preventing sintering of the first noble metal itself and sintering between the first and 
second noble metals while the catalyst is exposed to a high temperature exhaust gas. The improvement of NOx puri- 
fication efficiency is provided by significantly enhanced cooperation the NOx absorbent with the first and second noble 
metals due to close disposition of the remaining part of the first noble metal as well as the NOx absorbent to the second 
noble metal. 

[0024] At least one of metals selected from the group including alkaline metals such as sodium (Na), alkali earth 
metals such as barium (Ba) and strontium ( Sr ) and rare earth metals such as lanthanum (La) is suitably used as the 
NOx absorbent. Especially Ba has an excellent capability of NOx absorption. 

[0025] It was also found by the inventor of this application that a double layered catalyst comprising an inner catalyst 
layer formed on a substrate which contained a NOx absorbent and a catalytic noble metal for catalyzing reduction of 
N Ox and an outer catalyst layer formed over the inner zeolite layer with a noble metal borne thereon provided improved 
the performance of NOx purification of the catalyst. 

[0026] A manufacturing method of the double layered catalyst includes the steps of preparing a powdered first catalyst 
having Pt carried on a mixture of Al^ and Ce0 2 , preparing a powdered second catalyst having Rh carried on a metal 
oxide of at least one kind of metal selected from the group including Mn, Co, Ti and Fe, preparing a powdered third 
catalyst having Pt and Rh carried on zeolite, forming an inner layer of a mixture of the powdered first and second 
catalysts on a substrate, forming an outer layer of the powdered third catalyst over the inner layer; and then impregnating 
a solution of NOx absorbent, which comprises at least one kind of metal selected from the group consisting of alkaline 
metals , alkali earth metals and rare earth metals, into the inner and outer layers to have the NOx absorbent carried 
on the inner and outer layers. Impregnating a mixture of a NOx absorbent solution and a noble metal solution into the 
inner and outer layers may be made for improved dispersion of the NOx absorbent and the noble metal. 
[0027] The exhaust gas purifying catalyst made by the above method has double layers including the inner and outer 
catalyst layers formed on a substrate. The inner catalyst layer comprises a mixture of a catalytic component containing 
Pt and NOx absorbent carried on a mixture of Al 2 0 3 and Ce0 2 , but not containing Rh and a catalytic component 
containing Rh and NOx absorbent carried on a metal oxide of at least one kind of metal selected from the group 
including Mn, Co, Ti and Fe but not containing Pt. The outer catalyst layer comprises a catalytic component containing 
PT, Rh and NOx absorbent carried on zeolite. 

[0028] In the double layered catalyst, on top of the effect as set forth that the catalyst containing Pt and Rh separately 
supported by Al 2 0 3 and a metal oxide such as Mn in the inner catalyst layer cause the catalyst to work with high NOx 
purification efficiency even after exposure to high temperature exhaaust gases, the noble metal carried on zeolite in 
the outer catalyst layer activates NOx and HC in the exhaust gas and in consequence improves the NOx purifying 
efficiency. Specifically, NO in the exhaust gas is converted to N0 2 to become easier to be absorbed by the NOx ab- 
sorbent and HC becomes energetically reactive due to partial oxidization and cracking. The activated HC promotes 
reducing reaction of NOx. 

[0029] As apparent from the above explanation, since the effectiveness of using a metal oxide such as Mn as the 
support material for the second noble metal is considered to come from converting NO in the exhaust gas to N0 2 , it 
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is understood that the exhaust gas purifying catalyst having a catalytic layer formed on a substrate which comprises 
a mixture of the powdered catalyst containing the first noble metal borne by the support material such as AUO, but not 
containing the second noble metal and the powdered catalyst containing the second noble metal and NOx absorbent 
borne by a metal oxide as a support material capable of oxidizing NO to NO z but not containing the first noble metal 
is effective to catalyze reduction of NOx in the high oxygen concentration exhaust gas with high efficiency even after 
exposed to high temperatures. 

[0030J As described above, the catalyst according to the invention prevents the noble metals from forming an alloy 
due to exposure to high temperatures and causes the noble metals to catalyze reduction of NOx through cooperation 
with the NOx adsorbent. Because the NOx adsorbent is partly supported by the support materials such that the NOx 
10 adsorbent particle is jointly supported by both of a particle of the support material bearing the first noble metal and a 
particle of the support material bearing the second noble metal, and by both first and second noble metal particles as 
well, the first and second noble metals respectively cooperate with the NOx absorbent on each NOx adsorbent particle 
so as to contribute to purification of NOx in the exhaust gas with an effect of causing the catalyst to easily increase its 
NOx purification efficiency. 

15 [0031] When using different kinds of support materials for the first and second noble metals, it is easy to make the 
best use of advantages of the respective support materials for improving the thermal resistance and an increase in 
NOx purrficat.on efficiency of the catalyst by bearing noble metals suitable for the support materials, respectively on 
the respechve support materials. For example, by bearing Pt which is required to be relatively large in amount on AUO, 
and beanng Rh which may be relatively small in amount on a metal oxide such as Mn. the performance of the NOx 

20 adsorbent is improved by the metal oxide with keeping improved dispersion of Pt and Rh. Furthermore, since the metal 
oxide such as Mn does not bear on sintering, the thermal stability of Rh borne by the metal oxide is improved so as 
to contribute to purification of NOx in the exhaust gas with an effect of causing the catalyst to easily increase its NOx 
purification efficiency. 

« BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] The above and other objects and features of the invention will be apparent from the following description of 
embodiments thereof when considering in conjunction with the accompanying drawings, in which: 

Figure 1 is a fragmentary sectional view of a catalyst in accordance with an embodiment of the invention- 
Figure 2 is a graph of NOx purification efficiency of sample catalysts EX-I-EX-IV of the invention and a comparative 
catalyst CX-I; and 

Figure 3 is a graph of NOx purification efficiency of sample catalysts EX-IX-EX-X of the invention and comparative 
catalysts CX-I I - CX-IV. 

DETAILED DESCRIPTION OF THE EMBODIMENTS OF THE INVENTION 

[0033] Figure 1 shows an exhaust gas purifying catalyst C in accordance with an embodiment of the invention The 
cata yst C is placed in an exhaust line (not shown) connected to a lean-bum engine for an automobile to lower emission 
evels of HC, CO and NOx in the exhaust gas from the engine while operating with a stoichiometric air-to-fuel ratio and 
further to effectively lower an emission level of NOx in the exhaust gas from the engine while operating under lean 
bum conditions. That is, the catalyst C has a lean NOx purification effect. Under the lean-bum condition the oxygen 
concentration of an exhaust gas is about 4 or5 to 20 % and the air-to-fuel ratio is 1 8 or higher. The catalyst C comprises 
a catalyst inner layer 2 formed on a honeycomb support 1 made of cordierite and a catalyst outer layer 3 formed over 
the catalyst inner layer 2. The catalyst inner layer 2 comprises a mixture of a catalytic component containing a first 
noble metal such as Pt and NOx adsorbent borne by a first support material, e.g. a mixture of AUp 3 and CeO, and a 
catalytic component containing a second noble metal such as Rh and NOx adsorbent borne by a second support 
material, e.g. at least one kind of metal oxide selected from the group including Mn, Co, 71 and Fe. The first support 
material does not bear any second noble metal, and the second support material does not bear any first noble metal 
The NOx adsorbent is partly supported by the support materials such that a particle of the NOx absorbent is jointly 
supported by both of a particle of the first support material and a particle of the second support material and by both 
first and second noble metal particles as well. The catalyst outer layer 3 comprises a catalytic component containing 
noble metals such as Pt and Rh and NOx adsorbent borne by a third support material, e.g. zeolite. A noble metal such 
as indium (Ir) and palladium (Pd) may also be borne together with the previously mentioned noble metals by each 
support material. Although Ba Is uisually used as the NOx absorbent, any one of, or any combination of two of alkali 
earth metals, alkaline metals and rare earth metals may be used in place of Ba. As the cerium component ceria is 
used as CeO z and a composite oxide of cerium and zirconium may be used to have high thermal resistance Each of 
the catalyst inner layer 2 and the catalyst outer layer 3 contains impurities less than 1 %. 



30 



35 



40 



45 



50 



55 



5 



EP 0 931 590 B1 

[0034] The exhaust gas purifying catalyst C Is manufactured by the following processes. 

[0035J A powdered first catalyst is formed by bearing the first noble metal on the first support material through, for 
example, a drying-solidifying process. A powdered second catalyst is formed by bearing the second noble metal on 
the second support material through a drying-solidifying process. A powdered third catalyst is formed by bearing the 
third noble metal on the third support material. The powdered first and second catalysts and binder are mixed with 
water all together to form a slurry. The mixture slurry is wash-coated on the honeycomb member 1 and dried and 
calcined to form an inner coating layer. The powdered third catalyst and binder are mixed with water all together to 
form a slurry. The mixture slurry is wash-coated over the inner coating layer on the honeycomb member 1 to form an 
outer coating layer and then dried and calcined. Subsequently, the inner and outer coating layers are impregnated with 
a solution of NOx absorbent to bear the NOx absorbent thereon and then dried and calcined. 

[0036] In order to evaluate the performance of the catalysts In accordance with various examples of the invention, 
exemplified sample catalysts (EX) of the invention and a comparative catalyst (CX) were prepared for evaluation. 

Example I 

[0037] A Pt^ontained powdered catalyst (a powdered first catalyst) was prepared by the following process. A mixture 
of y-alumina and a Ce0 2 - ZrO z composite oxide at a weight ratio of 1 : 1 was prepared and was further mixed with a 
Pt-dmitro-diamine solution to provide a slurry. The mixture slurry was comprised of the mixture and Pt with a weight 
ratio of 150 : 1 . The Pt-contained powdered catalyst was prepared by spraying and drying the mixture slurry and then 
further drying and calcining ft. In this instance, the Pt-contained powdered catalyst was dried for one hour at 100 to 
200 C and calcined for two hours at 500 to 600°C. These drying and calcining conditions were also applied to other 
powdered catalysts of the catalyst EX-I and powdered catalysts of EX-II through EX-IIV and the comparative catalyst 
CX which will be described later. A Rh-contalned powdered catalyst (a powdered second catalyst) was prepared by 
the following process. A mixture of Mn0 2 and a rhodium nitrate solution was prepared as a slurry containing Mn0 2 
and Rh at a weight ratio of 120 : 1 A Rh-contained powdered catalyst was prepared by spraying and drying the mixture 
slurry and then further drying and calcining ft. A Pt and Rh-contained/MFI powdered catalyst (a powdered third catalyst) 
was prepared by the following process. A Pt-dinitro-diamine solution and a rhodium nitrate solution were mixed to 
prepare a mixed solution containing Pt and Rh at a weight ratio of 75 : 1 . MR type zeolite (SiCVAfeOg = 80) was added 
to the mrxed solution to provide a mixture slurry. A Pt - Rh contained/MFI powdered catalyst was prepared by spraying 
and drying the mixture slurry and then further drying and calcining it. 

[0038] The Pt-contained powdered catalyst, the Rh-contained powdered catalyst and alumina binder were mixed all 
together at a weight ratio of 50 : 2 : 5 to provide a catalyst mixture. Ion-exchanged water was added to the catalyst 
mixture to provide a catalyst mixture slurry. A honeycomb substrate 1 , which had a weight of 420 gram per liter (g/L) 
was dipped in the catalyst mixture slurry, and then withdrawn and dried after blowing off an excess of the catalyst 
mixture slurry and further calcined to form an inner coating layer as an catalyst inner layer 2 on the honeycomb substrate 
1 . In this instance, the wash-coating was controlled such that the coated and dried catalyst mixture was 342 gram per 
liter of the honeycomb substrate 1 (342 g/L). Thereafter, the Pt and Rhncontained/MFI powdered catalyst and alumina 
binder were mixed together at a weight ratio of 5 : 1 to provide a catalyst mixture. Ion-exchanged water was added to 
the catalyst mixture to provide a catalyst mixture slurry. The catalyst mixture slurry was wash-coated over the inner 
coating layer on the honeycomb substrate 1 , and then dried and calcined to form an outer coating layer as a catalyst 
outer layer 3. The wash-coating was controlled such that the coated and dried catalyst mixture was 24 g/L Finally the 
catalyst inner and outer layers were impregnated with a barium acetate solution such that they contained 30 g/L Ba, 
and then dried and cacined to complete a sample catalyst EX-I. 

[0039] As summarized in Table I, the sample catalyst EX-I is featured by that Pt and Rh were separately carried on 
different support materials In the catalyst inner layer and a manganese oxide was used as the support material for Rh 
[0040] The catalyst inner layer comprises 1 50 g/L r alumina, 1 50 g/L Ce0 2 -Zr0 2 composite oxide and 1 2 g/L MnO~ 
L as support materials, 30 g/L binder, and 2 g/L Pt and 0.1 g/L Rh as noble metals. The catalyst outer layer comprises 
20 g/L MFI as a support material, 4 g/L binder, and 0.5 g/L Pt and 0.006 g/L Rh as noble metals. A total amount of 30 
g/L Ba was carried as a NOx absorbent on both catalyst inner and outer layers. 

Example II 

[0041] A sample catalyst EX-II was similar to the sample catalyst EX-I excepting that Mn0 2 was replaced with Co,CU 
for bearing Rh as summarized in Table I. 23 

Example III 

[0042] A sample catalyst EX-I II was prepared by the following process. 
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[0043] A mixture of ^alumina, Ce0 2 -Zr0 2 composite oxide and Mn0 2 at a weight ratio of 25 : 25 : 2 was prepared 
The mixture was further mixed with a Pt-dinitro-diamine solution to prepare a catalyst mixture slurry such that the 
catalyst mixture was comprised of the mixture and Pt with a weight ratio of 75 : 1 and was finished to provide a Pt- 
contained powdered catalyst as a powered first catalyst through the same process as that of the sample catalyst EX-I 
5 Separately, a mixture of ^alumina, Ce0 2 -Zr0 2 composite oxide and Mn0 2 at a weight ratio of 25 : 25 : 2 was prepared' 
The mixture was further mixed with a rhodium nitrate solution to provide a mixture slurry such that the mixture slurry 
was comprised of the mixture and Rh with a weight ratio of 1500 : 1 and finished to provide a Rh-contained powdered 
catalyst as a powdered second catalyst through the same process as that of the sample catalyst EX-I A Pt and Rh- 

w Jample c^!^t P EX d r red Cata ' ySt ** * P ° Wdered third Catat * st throu 9 h the same P™*ss as that of the 

[0044] The Pt-contained powdered catalyst, the Rh-contained powdered catalyst and alumina binder were mixed all 
together at a we.ght ratio of 5 : 5 : 1 to provide a catalyst mixture. Ion-exchanged water was added to the catalyst 
mixture to prepare s catalyst mixture a slurry. Through the wash-coating applied to the sample catalyst EX-I, an inner 
coatmg layer was formed as a catalyst inner layer 2 on a honeycomb substrate 1 . The wash-coating was controlled 

cSit? v f^Hcvn dr ' e f Ca,a !r l miXtUre WaS 330 The Same COa,in 9 la y er as those of ,he P revi °«* sample 
catalysts EX-I and EXII was formed as a catalyst outer layer 3 over the catalyst inner layer 2 such that coated and 

dried catalyst m.xture was 24 g/L. Thereafter, the cata^st inner and outer layers 2 and 3 were Impregnated with Ba 

such that they contained 30 g/L Ba to complete a sample catalyst EX-III. 

[0045] As summarized in Table I, the sample catalyst EX-III differs from sample catalyst EX-I in that the support 
material beanng Rh .n the catalyst inner layer 2 was not manganese oxide but included the same ones as used for 

! f M 9 r ^ u SUPP ° rt materials for Rh and w werc ma °* of a mixture of ^alumina , Ce0 2 -ZrO 2 composite oxide 
and Mn0 2 . All other conditions were the same as for sample catalyst EX-I. 



is 



20 



25 



Example IV 



[0048] A mixture y -alumina and Ce0 2 -ZrO 2 composite oxide at a weight ratio of 1 : 1 was prepared. The mixture 
was further mixed with a Pt-dinitro-diamine solution to provide a mixture slurry such that the mixture slurry contained 
the mixture ^and Pt with a weight ratio of 75 : 1 . A Pt-contained powdered catalyst was prepared as a powdered first 
catalyst by drying and calcining the mixture slurry through the same process as that of sample catalyst EX-I Separately 
30 a mixture of ralumina and Ce0 2 -Zr0 2 composite oxide at a weight ratio of 1 : 1 was prepared. The mixture was further 

Rh m J£ 1 1 HI 1 ™ 1 ? S °l U,i0n 10 pr0VWe a miXtUre slunry suoh that the mijrture S|U "V contained the mixture and 

Rh metal wrth a weight ratio of 1500 : 1 . A Rh-contained powdered catalyst was prepared as a powdered second 
catalyst by drying and calcining the mixture slurry through the same process as that of sample catalyst EX-I A Pt and 

« of stmpfe oaTafysl ST** 1 Cata ' ySt WaS prepared as a Peered third cata^st in exactly the same process as that 
[0047] A mixture of the Pt-contained powdered catalyst, the Rh-contained powdered catalyst and alumina binder at 
a weight ratio of 5 : 5 : 1 was prepared. Ion-exchanged water was added to the mixture to provide a catalyst mixture 
slurry. The catalyst mixture slurry was wash^oated as a catalyst inner layer 2 on a honeycomb substrate 1 through 
the same process as that of sample catalyst EX-I such that the coated and dried catalyst mixture was 330 g/L. A catalyst 

40 outer layer 3 was formed through the same process as that of sample catalyst EX-I such that the coafed and dried 
catalyst mixture was 24 g/L. The catalyst inner and outer layers 2 and 3 was subsequently impregnated with Ba to 
complete a sample catalyst EX-IV through the same process as sample catalyst EX-I 

[0048] As summarized in Table I, the sample catalyst EX-IV differs from sample catalyst EX-I in that the support 

45 TZft ♦! Cataly ? I"" 6 ' ' ayer 2 dW " 0t inC ' Ude ma "9 anesa but was comprised of the same materials 

45 as used for Pt. All other conditions were the same as the sample catalyst EX-I. 

Comparative Catalyst CX 



50 



55 



[0049] A mixture of ralumina, a Ce0 2 -ZrO 2 composite oxide and alumina binder at a weight ratio of 5 5 • 1 was 
prepared and added by Ion-exchanged water to provide a catalyst mixture slurry. The mixture slurry was wash^coated 
on a honeycomb substrate 1 and subsequently dried and calcined to form a catalyst mixture coating layer The wash 
coating was controlled such that the dried catalyst mixture was 330 g/L. The catalyst mixture coating layer was further 
impregnated with a mixture of a Pt-dinitro-diamine solution and a rhodium nitrate solution. The catalyst mixture was 
prepared to contain Pt and Rh at a weight ratio of 20 : 1 The catalyst mixture coating layer which was adjusted to 
contain Pt and Rh 2.1 g/L in total amount was dried and calcined to from a catalyst inner layer 2. A catalyst outer layer 
3 was formed over the catalyst inner layer 2 through the same process as that of each sample catalyst The catalyst 

° ^.rfl WaS 24 Th ° Cata ' ySt inner and 0Uter ,ayers 2 and 3 was impregnated with a barium acetate solution 
such that they bear 30 g/L Ba and then dried and cacined to complete a comparative catalyst CX 
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[0050] As summarized in Table I, the comparative catalyst CX differs from the sample catalysts EX-I through EX-IV 
according to the embodiments of the invention only in that Pt and Rh in the inner layer were not separately carried on 
different support materials but both Pt and Rh were carried together on the support materials which did not include 
manganese oxide nor cobalt oxide. 



TABLE I 







Carried 
Amount 


EX-I 


EX-II 


EX-III 


EX-IV 


CX 


Inner Layer 
Catalyst 


Mn0 2 


12g/L 


Used 


None 


used 


none 


None 


Co 2 0 3 


12g/L 


None 


Used 


none 


none 


None 




Support Materials for Pt 
and Rh 


Pt/Al 2 0 3 
+Ce0 2 


Pt/Al 2 0 3 
+CeO a 


Pt/Al 2 0 3 
+Ce0 2 
+Mn0 2 


Pt/Al 2 0 3 
+Ce0 2 


Pt.Rh/AljOa 
+Ce0 2 








Rh/MnQ 2 


Rh/Co 2 0 3 


Rh/AI 2 Q 3 
+Ce0 2 
+Mn0 2 


Rh/Al 2 0 3 
+Ce0 2 





10 



15 



20 



25 



30 



[0051] Evaluation tests were made by measuring NOx purification efficiency of the sample catalysts EX-I through 
EX-IV and comparative catalyst CX. In the evaluation test, each catalyst after heat-aging treatment in the atmosphere 
for 24 hours at 900 °C was mounted to a fixed-bed-flow type reactor. The catalyst was exposed to a gas simulated as 
an exhaust gas from the engine operating with a lean air-fuel mixture was flown through the fixed-bed-flow type reactor 
until showing stable NOx purification efficiency, and subsequently to a gas simulated as an exhaust gas from the engine 
operating with an enriched air-fuel mixture, which was different in composition from the previously applied simulated 
gas. At a point of time 130 second after switching again back to the simulated gas having composition corresponding 
to the lean charge combustion, measurement of NOx purification efficiency was made to determine the lean bum NOx 
purification performance of the catalyst. The temperature of the catalyst under test and the simulated gas was 350°C 
and the simulated gas had composition summarized in TABLE II. The space velocity of simulated gas stream was 
25,000 h* 1 . 



TABLE II 



40 



45 





lean-bum condition 


fuel-rich condition 


HC (C 3 H 6 ) 


4000 ppmC 




NO 


250 ppm 


<— 


CO 


0.15% 


<— 


co 2 


10% 


<— 


H 2 


650 ppm 


<— \ 


I °2 


7% 


0.5 % 


H 2 0 


10% 


<— 


N 2 


Balance 


<— 



[0052] The result of the evaluation tests is shown in Figure 2. 

[0053] The NOx purification efficiency is considered to depend upon whether Pt and Rh are separately carried on 
different support materials, respectively, in the catalyst inner layer or not, and the difference in NOx purification efficiency 
of sample catalyst EX-IV from comparative catalyst CX is considered to occur due to carrying Pt and Rh in the catalyst 
inner layer on different support materials. Because, in sample catalyst EX-IV, Pt and Rh are separately carried on their 
own suppor materials respectively unlike comparative catalyst CX, it is considered that Pt and Rh are prevented from 
forming an alloy during heat-aging treatment and consequently contribute to NOx purification of the catalyst after heat- 
aging. 

[0054] Sample catalysts EX-III and IV are different in whether each of the support materials for Pt and Rh in the 
catalyst inner layer contains a manganese oxide or not. Therefore, the difference in NOx purification efficiency between 
sample catalysts EX-III and EX-IV is considered to occur according to whether there is a manganese oxide in their 
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support materials. In sample catalyst EX-MI, it is considered that a manganese oxide restrains sintering of alumina 
while oxidizes NO to NO z which becomes easier to be adsorbed in NOx absorbent Ba, and consequently NOx purifi- 
cation efficiency of the sample catalyst EX-III after heat-aging remains kept higher than that of sample catalyst EX-IV 
[0055] Sample catalysts EX-I and EX-III are different in whether Pt and Rh are carried by the same type of support 
materials, and in particular in whether Rh is carried by a manganese oxide as a support material. The difference in 
purification efficiency of sample catalyst EX-I from the sample catalyst EX-III is considered to carry Rh on a 
manganese oxide. Since a manganese oxide is hard to be sintered, it is considered that Rh carried on the manganese 
oxide of sample catalyst EX-I is not buried in manganese oxide particles but remains held on the surfaces of the 
manganese oxide particles even after heat-aging treatment, which is always desirable for the catalyst to be effective 
in purifying NOx. 

[0056] While sample catalyst EX-II is different from sample catalyst EX-I in that it uses a cobalt oxide as a support 
material for Rh in place of a manganese oxide in sample catalyst EX-I, it has a NOx purification efficiency as high as 
sample catalyst EX-I. As a result, the cobalt oxide is considered to do almost the same work as the manganese oxide 
One of cobalt compounds such as Co 3 0 4 may be used as the cobalt oxide with the same effect of sample catalyst II 
[0057] In order to evaluate the catalyst of the invention with regard to stoichiometric NOx purification efficiency after 
heat aging treatment as well as lean NOx purification efficiency, sample catalysts EX-V and EX-IV were prepared 
I ° atalySt EX ' V W8S P re P ared b V the sam e process as the sample catalyst EX-I excepting carrying a 

half of 2 g/L Pt on a support material of the powdered first catalyst and the remaining of Pt was inpregnated together 
with Ba in support materials of the first and second catalysts. Specifically, the catalyst inner and outer layers were 
impregnated with a mixture of a barium acetate solution and a Pt-dinitro-diamine solution and dried and calcined 
[0059] Sample catalyst EX-VI was prepared by the same process as the sample catalyst EX-IV excepting carrying 
a half of 2 g/L Pt on a support material of the powdered first catalyst and the remaining of Pt was inpregnated together 
with Ba in support materials of the first and second catalysts. Specifically, the catalyst inner and outer layers were 
impregnated with a mixture of a barium acetate solution and a Pt-dinitro-diamine solution and dried and calcined 
[0060] The same evaluation tests were made by measuring lean NOx purification efficiency as well as stoichiometric 
NOx punf ication efficiency after heat aging treatment of the sample catalysts EX-V and EX-VI together with EX-I EX-II 
and comparative catalyst CX. The result Is summarized in Table III. 



TABLE III 





NOx Purification efficiency 


Lean 


Stoichiometric 


EX-I 


77.5 % 


70.1 % 


EX-II 


79.8 % 


70.9 % 


EX-V 


73.1 % 


75.8 % 


EX-VI 


45% 


72.8 % 


CX 


25.6 % 


81.7% 



[0061] Sample catalyst EX-V is different from Sample catafyst I in that a half amount of Pt is impregnated together 
with Ba. As apparent from Table III, sample catalyst EX-V shows lean NOx purification efficiency lower than sample 
catalysts EX-I and EX-II, it shows stoichiometric NOx purification efficiency greaterthe sample catalysts EX-I and EX-II 
This Is considered that Pt is impregnated with high dispersion in sample catalyst EX-V sufficiently to restrain sinterinq 

during heat aging and Prand Ba particles are dispensed closely to Ba particles to cause enhanced cooperation between 
Pt, Rh and Ba particles. 

[0062] Sample catalyst EX-VI is different from sample catalyst EX-IV in that a half amount of Pt is impregnated 
together with Ba. Sample catalyst EX-VI shows both lean NOx purification efficiency and stoichiometric NOx purification 
efficiency greater the sample catalysts EX-IV. 

[0063] In order to evaluate the catalyst of the invention with regard to the difference of NOx purification efficiency 
before and after heat aging treatment, sample catalysts EX-VII and EX-VIM were prepared. 

[0064] Sample catalyst EX-VII was prepared by the same process as sample catalyst EX-I excepting that manganese 
ox.de was replaced by tttanium oxide (Ti0 2 ). Sample catalyst EX-VI II was prepared by the same process as sample 
catalyst EX-I excepting that manganese oxide was replaced by iron oxide (Fe 2 0 3 ). The amount of TiO, or Fe,0, was 
the same as manganese oxide of sample oxide EX-I. 

[0065] The same evaluation tests were made by measuring lean NOx purification efficiency under the same condi- 
tions. As the result of the tests, sample catalyst EX-VII showed a lean NOx purification efficiency of 65.5 %. and sample 
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ST E f X " VMI . Sh0WGd 3 ,Gan N ° X purification efflcienc y of 58 ' 8 %• ^ich revealed that T10 2 and Fe 2 0 3 are effective 
though inferior to manganese oxide and cobalt oxide. 

Svl wl°ph r t0 SV h K ate A !^ USefu,ness of m «nganese oxide and cobalt oxide as a support material, a powdered 

h n £ V 2 3 ' 9 powdered cata * st wlth Rn carr ied by Mn0 2 , and a powdered catalyst with Rh 

TnZ rLrnf: W6re PreP s are ?: M * asurements were made to determine particle sizes of Rh before and after heat 
aging. The result is summarized in Table IV. 

comparative catalyst CX-I. The result is summarized in Table IV. 



TABLE IV 





Rh particle size 


Fresh 


After heat aging 


Rh/Al 2 0 3 


Smaller than o.o5 nm 


2.0 - 3.0 nm 


Rh/Mn0 2 


0.13 - 0.32 nm 


0.12- 0.18 nm 


Rh/Co 3 0 4 


0.09 - 0.64 nm% 


0.26 - 1.05 nm 



,rom A Table IV ' while Rh carried ^ Al 2 0 3 has a small particle size, it is sintered due to heat aging 
%Z » b , IT' % C ° mpared Wfth ,hiS ' Rh ° arried by Mn °2 or C °3°4 * Almost free from sintering. Accord 

S'clZ °" 2 ° f C ° 3 ° 4 88 3 8UPP ° rt mat0rial iS acc ° m P a "' ad by an advantage of NOx 



Sample Catalyst EX- IX 

[0068] A mixture of ralumina, Ce0 2 -Zr0 2 composite oxide, MnO a and aluminum binder with a weight ratio of 25 • 

\T S m ' Xed , Was l0 " excha "9 ad water to provide a catalyst mixture slurry. The catalyst mixture slurry was wash 

T ' nner ' aye : 2 °" a substrate 1 having a weight 420 g/l_. The wash coating was controlled 

k 2 Vnn ! o d B ~ dri6d ° ata,yst layer had a we '9 ht of 342 9"- The catalyst layer was dried at a temperature 
between 1 00 and 200°C for one hour and calcined at 500 and 600»C for two hours emperaiure 

[0069] Separately a mixture of a Pt-dinitro-diamine solution and rhodium nitrate adjusted to contain Pt and Rh with 
a weight ratio of 7 i: 1 was prepared. The mixture was spray dried together with MFI type zeolite (SiO^O to provide 
Th S1 P K°»7 h " hT R Rh ° n ,hS 2ee0,itr 8nd WaS adjU8tad to have a * and Rh content of 1.3 weight % 

water, ^ol P dP « er rl a Um r m bi ," der V" miXSd 3 Wei9W rati ° ° f 5 : 1 and further ™ ed with ion exchanged 
water to prov.de a catalyst m,xture slurry. This catalyst mixture slurry was wash coated as an outer catalyst layer 3 

over the mner catalyst layer 2 and dried. The coated and dried catalyst layer was adjusted to be 24 g/L. The outer 
catalyst layer 3 was dned at a temperature between 100 and 200'C for one hour and calcined at 500 and 600»C for 
rwo nours. 

[0070] The Inner and outer catalyst layers 2 and 3 was impregnated with a mixture of a Pt-dinitro-diamine solution 
a rhodium nitrate solu ion and a barium acetate solution adjusted to contain Pt, Rh and Ba with a weight ratio of 20 
1 .300 The impregnated amount in weight was 32.1 g/L. The inner and outer catalyst layers 2 and 3 were further dried 
and calcined to provide a sample catalyst EX.IIIV. 

[0071] The inner catalyst layer 2 contained 150 g/L ^alumina, 150 g/L Ce0 2 -Zr0 2 composite oxide and 1 2 g/L MnO, 

20 JUS tZZ * binder ' Snd 2 R a0d 01 9/1 Rh 88 n ° ble me * a ' 8 - ™ e ° uter cata * st tey'r 3 conZS 

20 g/L MFI type zeolite as a support material. 4 g/L binder, and 0.5 g/L Pt and 0.006 g/L Rh as noble materials The 
sample catalyst EX-IX contained 30 g/L Ba in total as a NOx adsorbent. matenais. The 

Sample Catalyst EX-X 

repSed wtth Zo^O^ ^ PrePar<id ' ^ """"^ * '" V eXCepting that Mn ° 2 W8S 
Comparative Catalyst CX-I I 

[0073] A mixture of r alumina, Ce0 2 -Zr0 2 composite oxide and aluminum binder with a weight ratio of 5 ■ 5 • 1 was 
prepared The mixture was further mixed with ion exchanged water to prepare a catalyst mixture slurry. This catalyst 
mixture slurry was wash coated as an inner layer 2 on a honeycomb substrate 1 having a weight of 420 g/L and dried 
The coated and dried mner catalyst layer 2 was adjusted to be 330 g/L. Finally, the inner catalyst layer 2 was dried at 
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a temperature between 1 00 and 200-C for one hour and calcined at 500 and 600"C for two hours 
[0074] The .nner catalyst layer 2 was impregnated with a mixture of a Pt-dinitro-diamine solution and rhodium nitrate 
rTZT^u hBVe ^ Pt K an< !. Rh Wei9M r8ti ° °' 20 : 1 ' The -no-* of the mixture wt aT gt 

and S5c!S25 hJura WaS 31 3 temperatUre betWeen 1 00 and 200 ° c ,or °" a hour and calcined at 500 

f?!Jfl i ^ ° Uter inner ' ayer 3 jUSt the Same 38 that ° f ,he sample cata| y st EX IX was ,ormad over the inner catalyst 
layer z in the same process. 

L° a °I!L T> ri nner K ?k ° U I er Cat8lySt ' ayerS 2 and 3 Were im P re 9nated with barium acetate solution. The impregnation 
was controlled such that the outer and inner catalyst layers 2 and 3 contained 30 g/LBa. 

Comparative Catalyst CX-III 

luS a t» A i n Th 6 ' TIT ,hS 8ame 38 that °' ,he com P arativa ^talyst CX-II was formed on a honeycomb 

substrate 1 . The coated and dned catalyst layer was adjusted to have a weight of 30 g/L 

layer 2. The coated and dned catalyst layer was adjusted to have a weight of 24 g/L 

[0079] The inner and outer catalyst layers 2 and 3 were impregnated with Pt. Rh and Ba of 32.1 g/L in total weigh 
in the same process for the sample catalyst EX-IX. s 

Comparative Catalyst CX-IV 

Lx ml £ ^h 913 H S i' ay H ' 2 T '? rmed °" 8 hone V comb subs,rata 1 i" same process for the samp.e catalyst 
EX-IIIV. The coated and dned catalyst layer was adjusted to be 342 g/L. The inner catalyst layer 2 was impregnated 
wrth a mixture of a Pt-dinitro-diamine solution and rhodium nitrate solution adjusted to have the Pt and Rh weight raSo 
2 1 g/L 8ame PrOCeS8 ^ that COmparative cata, V st CX -" T he impregnated amount of Pt and Rh was 

nn«, 2 £? P . ° rthe sam P ,ecata| y st XE -'X. The coated and dried catalyst layerwas adjusted to be 24 at 
[0082] The 'nner and outer catalyst layers 2 and 3 were impregnated with a barium acetate solution. The impregnarion 
was controlled such that the inner and outer catalyst layers 2 and 3 contained 30 g/L Ba mpregnanon 
[0083] The sample catalysts EX-IX and X and the comparative catalysts CX-II- CX-IV are summarized in Table V. 

TABLE V 





Comparative Catalyst 


Sample Catalyst 


CX-II 


CX-III 


CX-IV 


EX-IX 


EX-X 


Amount of Mn0 2 






12 g/L 


12 g/L 




Amount of Co 2 0 3 










12 g/L 


Ba Impregnation 


After Pt, Rh 


With Pt, Rh 


After Pt, Rh 


With Pt, Rh 


With Pt, Rh 



[? 084 k E H valuation , testa were made b y measuring NOx purifteation efficiency in the same manner as described pre- 
teste te shown inFi'gSre 3 9SS ™ th6Se 16818 COmpOSition summari "> d in Table II. The result of the evaluation 

T , he d 5 erenCa Patween comparative catalysts CX-II and CX-III is only whether Ba is impregnated after Pt 
and Rh or together with PT and RH. The NOx purification efficiency difference (1 5.5 %) between the two is considered 
?yTS T ,r " P , regna,ion of Ba t0 9 etner with PT and Rh. The difference between comparative catalysts CX-II and 
££"2£T2f * h, 8 ma "9 anese oxide is contained or not. The NOx purification efficiency difference between the 
«££ IT* . H !*1 3 ma "9 anese oxide additiv « The sample catalyst EX-IX that contains a manganese 

oxide and is impregnated with Ba together with Pt and Rh shows an NOx purification efficiency greater than the com- 
parahve catalysts CX-III and CX-.V and, in particular, significantly greater than comparative catalyst CX-l^by 33 9 £ 
Punficat,0n f ^ ' 8 1 5 5 % reSUlt,ng ,TOm ,he addition °' a manganese oxide (comparative 
and S i^fl qo/ 1 ° N P X purificatlon effic,enc V re8ul «"9 f mm the impregnation of Ba together with Pt 

and Rh is 18,9 /.. Accord.ngly. a total increase in NOx purification efficiency of 34. 4 % is expected for a catalyst that 
contains a manganese oxide and impregnated with Ba together with Pt and Rh. The sample catalyst EX-IX shows a 
NOx purification efficiency which is comparable with the total increase due to a manganese oxide additive and simul- 
taneous impregnation of Ba, Pt and Rh. 
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[0086] Generally, a catalyst shows saturation of an increase in NOx purification efficiency as the noble metal content 
of the catalyst increases and becomes hard to provide an increase in NOx purification efficiency as its NOx purification 
efficiency becomes higher. In light of the fact, as was described above, it can be said that the combination of a man- 
ganese oxide addrtive and Ba impregnation together with Pt and Rh provides the mutual potentiating effect of them 
[0087] Sample catalyst EX-X shows a NOx purification efficiency as high as the sample catalyst EX-IV. This indicates 
that a cobalt oxide additive in combination of Ba impregnation together with Pt and Rh is effective to provide an increase 
in NOx punfication efficiency as large as a manganese oxide additive in combination with Ba impregnation together 
with Pt and Rh. Table VI shows the effect of metal oxide additives to NOx purification efficiency. The catalysts have 
the same composition excepting the kind of metal oxide. As apparent in Table VI, T10 2 is effective to improve NOx 
purification efficiency. Even Fe 2 0 3 is more effective to improve NOx purification efficiency as compared with compar- 
ative catalyst CX-II I. K 

TABLE VI 



Catalyst 


Metal Oxide 


NOx Purification Efficiency {%) 


Catalyst - 1 


MnQ 2 


58.5 % 


Catalyst- 2 


Co 2 0 3 


56.9 % 


Catalyst - 3 


Ti0 2 


49.0% 


Catalyst- 4 


Fe 2 O a 


41.9% 


Comparative 


NiO 


38.0% 



[0088] In light of the above evaluation, a combination of bearing NOx adsorbent suchas Ba on a support material by 
impregnating it together catalytic noble metals and containing a specific metal oxide as a catalytic component is ad- 
vantageous to improvement of NOx purification efficiency of the catalyst after exposure to high temperature exhaust 
gases,. 

[0089] It is easily understood that the invention is useful and not limited to the double layered catalyst exemplified 
above but can be applied to other types of catalyst such as single layered catalysts with the same effect. 

Claims 



35 



40 



45 



50 



55 



1 . A method of manufacturing an exhaust gas purifying catalyst which contains NOx adsorbent consisting of at least 
one of metals selected from the group of alkaline metals, alkali earth metals and rare earth metals and operative 
to adsorb NOx in an exhaust gas from an engine, and further contains Pt and Rh operative to catalyze reduction 
of the NOx, comprising the steps of: 

preparing a powdered first catalyst carrying Pt on a first support material which is at least one of alumina and 
Ce0 2 

preparing a powdered second catalyst carrying Rh on a second support material which is at least one kind of 
metal oxide selected from the group of oxides of Mn t Co, Ti and Fe; 

providing a mixture of said powdered first catalyst and said powdered second catalyst; and 

impregnating said mixture with a solution of NOx adsorbent to carry said NOx adsorbent on said powdered 
first catalyst and said powdered second catalyst. 

2. The method of manufacturing an exhaust gas purifying catalyst as defined in claim 1 , characterized in that said 
mixture is impregnated with said solution of NOx adsorbent together with a solution of Pt to carry NOx adsorbent 
and Pt on said first and second support materials. 

3. The method of claim 1 comprising the steps of: 

preparing a powdered first catalyst carrying Pt on a mixture of alumina and CeOg but not containing Rh; 
preparing a powdered second catalyst carrying Rh on at least one kind of metal oxide selected from the group 
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including oxides of Mn, Co, Ti and Fe but not containing Pt; 
preparing a powdered third catalyst carrying Pt and Rh on zeolite; 

on 2 subsUate °' ^ P ° Wdered ^ ° a,alyst an ^ P owdered sa <*>nd catalyst as a catalyst inner layer 
coating said powdered third catalyst over said inner layer as a catalyst outer layer on a substrate, and 

impregnating said catalyst inner and outer layers with a solution of NOx adsorbent to carry said NOx adsorbent 
in said catalyst inner and outer layers to manufacture an exhaust gas purifying double layered catalyst. 

4. An exhaust gas purifying catalyst having a catalyst layer on a substrate which contains NOx adsorbent consisting 
of at least one of metals selected from the group of alkaline metals, alkali earth metals and rare earth metals and 
operative to absorb NOx in an exhaust gas from an engine, and further contains Pt and Rh operative to catalyze 
reduction of the NOx, comprising a mixture of w»««y*e 

a first support material canying Pt and said NOx adsorbent but not containing Rh; and 

a second support material carrying Rh and said NOx adsorbent but not containing Pt; 

wherein said first support material is at least on of alumina and CeO a and said second support material is 
at least one of the metal oxide selected from the group of oxides of Mn, Co. Ti and Fe. 

5. The exhaust gas purifying catalyst as defined in claim 4, characterized in that said second support material has 
a specrhc surface area greater than said first support material and a Rh content per unit mass of said second 
support material less than a Pt content of said first support material per unit mass of said first support material. 

6. The exhaust gas purifying catalyst of claim 4 comprising: 

a catalyst inner layer coated on said substrate, said catalyst inner layer comprising a mixture of said first 
support material canying Pt and said NOx adsorbent but not containing Rh. and said second support material 
carrying Rh and said NOx adsorbent but not containing Pt; and 

a catalyst outer layer comprising a powdered third support material containing Pt and Rh on zeolite coated 
over said inner layer as a catalyst outer layer on said substrate; 

wherein said first support material is a mixture of alumina and CeO z and said second support material is at 
least one kind of metal oxide selected from the group of oxides of Mn, Co. Ti and Fe, and said catalyst inner and 
outer layers carry said NOx adsorbent on said support materials. 

7. The exhaust gas purifying cataiyst as defined in claim 6, characterized In that said second support material has 
a surface area greater than said first support material and a Rh content per unit mass of said second support 
material less than the Pt content of said first support material per unit mass of said first support material 



Patentanspruche 

1. 



Verfahren zur Herstellung eines Katalysators zur Reinigung von Abgasen. der ein NOx-Adsorptionsmittel enthalt 
welches aus wenigstens einem der Metalle ausgewahlt aus der Gruppe von Alkalimetallen. Alkalierdmetallen und 
Seltene-Erdenmetallen besteht und wirksam ist. NOx in einem Abgas von einem Motor zu adsorbieren und das 
ferner Pt und Rh enthalt, welches wirksam ist. die Reduktion von NOx zu katalysieren, umfassend die Schritte: 

Vorbereiten eines pufverfdrmigen ersten Katalysators, der Pt auf einem ersten Tragermaterial tragi welches 
wenigstens eines aus Aluminiumoxid und CeO a ist, 

Vorbereften eines putverformigen zweiten Katalysators, der Rh auf einem zweiten Tragermaterial tragi wel- 
ches wenigstens eines der Metalloxide ist, das aus der Gruppe der Oxide von Mn, Co. Ti und Fe ausgewahlt isf 
Bereitstellen einer Mischung des pulvertSrmigen ersten Katalysators und des pulverformigen zweiten Kataly- 
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sators; und 

Impragnieren der Mischung mit einer Losung von NOx-Adsorptionsmitteln, urn das NOx-Adsorptionsmittel auf 
dem pulverformigen ersten Katalysator und dem pulverformigen zweiten Katalysator zu tragen. 

2. Verfahren zur Herstellung eines Katalysators zur Reinigung von Abgasen nach Anspruch 1, dadurch gekenn- 
zeichnet, dass die Mischung mit der Losung des NOx-Adsorptionsmittels zusammen mit einer Losung von Pt 
impragniert wlrd, urn das NOx-Adsorptionsmittel und Pt auf den ersten und zweiten Tragermaterialien zu tragen. 

3. Verfahren nach Anspruch 1 , umfassend die Schritte: 

Vorbereiten eines pulverfdrmigen, ersten Katalysators, der Pt auf einer Mischung von Aluminiumoxid und 
CeO z tragt, jedoch Rh nlcht enthalt; 

Vorbereiten eines pulverformigen zweiten Katalysators, der Rh auf wenigstens einem der Metalloxide tragt, 
das aus der Gruppe umfassend Oxide von Mn, Co, Ti und Fe ausgewahlt ist, jedoch Pt nicht enthalt; 
Vorbereiten eines pulverformigen dritten Katalysators, der Pt und Rh auf Zeolit tragt; 

als Schicht Auttragen einer Mischung des pulverformigen ersten Katalysators und des pulverformigen zweiten 
Katalysators als eine Katalysatorinnenschicht auf dem Substrat, 

als Schicht Auftragen des pulverformigen dritten Katalysators uber die Innenschicht als eine Katalysatorau- 
Benschicht auf ein Substrat, und 

Impragnieren der Katalysatorinnen- und -auBenschichten mit einer Losung eines NOx-Adsorptionsmittels, urn 
das NOx-Adsorptionsmittel in den Katalysatorinnen- und -auBenschichten zu tragen, urn einen doppelt be- 
schichteten Katalysator fur die Reinigung von Abgasen herzustellen. 

4. Katalysator zur Reinigung von Abgasen mit einer Katalysatorschlcht auf einem Substrat, die ein NOx-Adsorpti- 
onsmittel enthalt, das wenigstens aus einem der Metalle ausgewahlt aus der Gruppe der Alkalimetalle, der Alka- 
lierdmetalle und der seltenen Erdenmetalle besteht und wirksam ist, NOx in einem Abgas von einem Motor zu 
adsorbieren, und das ferner Pt und Rh enthalt, was wirksam ist, die Reduktion von NOx zu katalysieren, umfassend 
eine Mischung von: 

einem ersten Tragermaterial, welches Pt und das NOx-Adsorptionsmittel tragt, jedoch Rh nicht enthalt; und 
ein zweites Tragermaterial, welches Rh und das NOx-Adsorptionsmittel tragt, jedoch Pt nicht enthalt; 

wobei das erste Tragermaterial wenigstens eines aus Aluminiumoxid und Ce0 2 ist und das zweite Trager- 
material wenigstens eines der Metalloxide ist, das aus der Gruppe der Oxide von Mn, Co, Tt und Fe ausgewahlt ist. 

. Katalysator zur Reinigung von Abgasen nach Anspruch 4, dadurch gekennzeichnet, dass das zweite Trager- 
material einen spezif ischen Oberf lachenbereich hat, der groBer als das erste Tragermaterial ist, und ein Rh-Gehalt 
pro Einheitsmasse des zweiten Tragermaterials kleiner als ein Pt-Gehalt des ersten Tragermaterials pro Einheits- 
masse des ersten Tragermaterials Ist. 

. Katalysator zur Reinigung von Abgasen nach Anspruch 4, umfassend: 

eine Katalysatorinnenschicht, die auf dem Substrat als Schicht aufgetragen ist, wobei die Katalysatorinnen- 
schicht eine Mischung des ersten Tragermaterials, das Pt und das NOx-Adsorptionsmittel tragt, jedoch Rh 
nicht enthalt, und des zweiten Tragermaterials ist, welches Rh und das NOx-Adsorptionsmittel tragt, jedoch 
Pt nicht enthalt; und 

eine KatalysatorauBenschicht, die ein pulverformiges drittes Tragermaterial aufweist, welches Pt und Rh auf 
Zeolit enthalt, und das uber die Innenschicht als eine KatalysatorauBenschicht auf dem Substrat als Schicht 
aufgetragen ist; 

wobei das erste Tragermaterial eine Mischung aus Aluminiumoxid und Ce0 2 und das zweite Tragermaterial 
wenigstens eines der Metalloxide ist, das aus der Gruppe der Oxide von Mn, Co, Ti und Fe ausgewahlt ist, und 
worin die Katalysatorinnen- und -auBenschichten das NOx-Adsorptionsmittel auf den Tragermaterialien tragen. 

. Katalysator zum Reinigen von Abgasen nach Anspruch 6, dadurch gekennzeichnet, dass das zweite Trager- 
material einen Oberflachenbereich groBer als das erste Tragermaterial hat und ein Rh-Gehalt pro Einheitsmasse 
des zweiten Tragermaterials kleiner ist als der Pt-Gehalt des ersten Tragermaterials pro Einheitsmasse des ersten 
Tragermaterials. 



14 



EP 0 931 590 B1 



Revend (cations 



1 . Procede de fabrication pour un catalyseur de purification du gaz d'evacuation qui contient I'absorbant NOx con- 
sistent au moms d'un d'entre les metaux selectionnes d'un group de metaux alcalins et precisement de metaux 
alcalmo-terreux et de metaux des terres rares et efficient pour absorber te NOx dans le gaz d'evacuation d'un 
moteur et qui en outre continent Pt et Rh, efficient a la reduction par catalyse du NOx, comportant les pas sulvants: 

preparation d'un premier catalyseur pulverulent contenant Pt sur un premier materiau support qui est au moins 
un en alumine et Ce0 2 

preparation d'un deuxieme catalyseur pulverulent contenant Rh sur un deuxieme support qui est au moins un 
sortiment d'oxyde de metal selectionne du group d'oxydes de Mn, Co, 71 et Fe; 

en prevoyant une mixture dudlt premier catalyseur pulverulent et dudit deuxieme catalyseur pulverulent- et 
en impregnant ladite mixture avec une solution d'absorbant NOx pour introduire ledit absorbent NOx dans 
ledit premier catalyseur pulverulent et ledit deuxieme catalyseur pulverulent. 

2. Procede de fabrication pour un catalyseur de purification du gaz d'evacuation ainsi qu'il est defini dans la reven- 
dication 1 , caracterlse en ce que ladite mixture est impregnee avec ladite solution d'absorbant NOx conlointement 
avec une solution de Pt pour introduire I'absorbant NOx et Pt dans les dits premier et deuxieme materiaux support. 

3. Procede de la revendication 1 , comportant les pas suivants: 

preparation d'un premier catalyseur pulverulent contenant Pt sur une mixture en alumine et CeO~ mais sans 
contenir Rh; £ * 

preparation d'un deuxieme catalyseur pulverulent contenant Rh sur au moins un sortiment d'oxyde de metal 
selectionne du group incluant des oxydes de Mn, Co, Ti et Fe mais sans contenir Pt; 
preparation d'un troisieme catalyseur pulverulent contenant Pt et Rh sur z6olite; 

en deposant une mixture dudit premier catalyseur pulverulent et dudit deuxieme catalyseur pulverulent comme 
un lit catalytique int6rieur sur ledit substrat; 

en deposant ledit troisieme catalyseur pulverulent sur ledit lit catalytique interieur comme un lit catalvtioue 
exterieur sur un substrat et 

en impregnant lesdits lits catalytiques interieur et exterieur avec une solution d'absorbant NOx pour introduire 
ledit absorbant NOx dans lesdits lits catalytiques interieur et exterieur pour fabriquer un catalyseur a deux lits 
de purification du gaz d'evacuation. 

Catalyseur de purification du gaz d'evacuation ayant un lit de catalyseur sur un substrat qui contient I'absorbant 
NOx consistant au moins d'un d'entre les metaux selectionnes d'un group de metaux alcalins et precisement de 
metaux alcalino-terreux et de metaux des terres rares et efficient pour absorber le NOx dans le gaz d'evacuation 
provenant d'un moteur et qui en outre contient Pt et Rh, efficient a la reduction par catalyse du NOx, contenant 
une mixture d' 



4. 



un premier materiau support contenant Pt et ledit absorbant NOx mais sans contenir Rh; et 
un deuxieme materiau support contenant Rh et (edit absorbant NOx mais sans contenir Pt; 

ou ledit premier materiau support est au moins un en alumine et Ce02 et ledit deuxieme materiau support 
est au moms un d'entre les oxydes de metal selectionne d'un group d'oxydes de Mn, Co, Ti et Fe. 

5. Catalyseur de purification du gaz d'evacuation ainsi qu'il est d6f ini dans la revendication 4, caracterlse en ce que 
ledit deuxieme materiau support a une aire de la surface specif ique plus grande que ledit premier materiau support 
et un contenu de Rh sur I'unite de masse dudit deuxieme materiau support plus petit que le contenu de Pt sur 
Tunite de masse dudit premier materiau support. 

6. Catalyseur de purification du gaz d'evacuation de la revendication 4, comportant: 

un lit catalytique interieur depose sur ledit substrat, ledit lit catalytique interieur contenant une mixture dudit 
premier materiau support contenant Pt et ledit absorbant NOx mais sans contenir Rh et ledit deuxieme ma- 
tenau support contenant Rh et ledit absorbant NOx mais sans contenir Pt; et 

un lit catalytique exterieur contenant un troisieme materiau support pulverulent contenant Pt et Rh sur zeolite 
depose sur ledit lit interieur comme un lit catalytique exterieur sur ledit substrat; 
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ou ledit premier materiau support est un mixture en alumine et Ce02 et ledlt deuxieme materiau support est 
au moins un sortiment d'oxyde de metal selectionne d'un group d'oxydes de Mn, Co, Ti et Fe et lesdits lits cata- 
lytiques, interieur et exterleur contlennent ledit absorbant NOx sur lesdits materiaux support. 

Catalyseur de purification du gaz d'evacuation ainsi qu'il est defini dans la revendication 6, caracterlse en ce que 
ledit deuxieme materiau support a une aire de la surface plus grande que ledit premier materiau support et un 
contenu de Rh sur I'unite de masse dudrt deuxieme materiau support plus petit que le contenu de Pt sur I'unite de 
masse dudit premier materiau support. 
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FIG. 1 
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